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© Method and system for monitoring of blood constituents in vivo. 



© A method for determining the concentration of a 
constituent of blood employing a sensor in or near a 
catheter in a blood vessel for producing a signal 
related to the concentration of the constituent of 
blood is disclosed. The improvement comprises ob- 
taining the signal while at least one of the following 
is present in the blood vessel: (1) an added vasodila- 
tor component and/or vasodilation promotor in an 



amount effective to reduce the vasoconstriction 
caused by the presence of the catheter in the blood 
vessel and (2) an added platelet/white cell inhibitor 
component and/or a platelet/white cell deactivation 
promotor in an amount effective to reduce the plate- 
let and/or white cell activation caused by the pres- 
ence of the catheter in the blood vessel. 
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METHOD AND SYSTEM FOR MONITORING OF BLOOD CONSTITUENTS IN VIVO 



It is often necessary or desirable to measure 
various blood constituents, such as blood gases, 
pH, other electrolytes and glucose. This can be 
accomplished in real time using various sensors, 
for example electrochemical sensors and fluores- 
cent sensors. This can be accomplished in an 
extracorporeal blood loop as shown in Cooper U.S. 
Patent No. 4,640,820 and in vivo as disclosed in 
Lubbers et al Reissue Patent No. 31,879. For in 
vivo sensing, a probe or catheter carrying an ap- 
propriate sensor is inserted into a blood vessel of 
the patient. 

One of the most important gases that needs to 
be sensed is oxygen. One problem with in vivo 
oxygen sensing is that the readings obtained for 
the concentrations of oxygen tend to vary over an 
unacceptably wide range when compared with the 
results obtained using conventional laboratory tech- 
niques for measuring the concentration of oxygen. 
Carbon dioxide concentrations and pH determina- 
tions also tend to vary relative to values obtained 
using conventional laboratory techniques. It has 
been found that such deviations are in many cases 
unacceptably large so that the reliability of the in 
vivo measuring system is called into question. 

At least one feature of the invention is based, 
in part, upon the recognition and discovery of the 
reasons why unacceptable results were often ob- 
tained in the in vivo system. Specifically, it has 
been discovered that blood sampled by sensors in 
fluid communication with a patient's blood vessel, 
particularly by sensors located in or in fluid com- 
munication with catheters placed in a patient's 
blood vessel, especially an artery, can have con- 
stituent concentrations which differ significantly 
from those of the blood elsewhere in the blood 
vessel, e.g., of freshly arterialized blood. Further, it 
has been discovered that one cause of these blood 
constituent concentration differences is the pres- 
ence of the cannula or the catheter itself. Without 
wishing to limit the invention to any particular the- 
ory of operation, it is believed that fhe insertion of 
the catheter into the blood vessel and/or the pres- 
ence of the catheter in the blood vessel trigger 
responses by vascular and adjacent tissue, e.g., 
vasoconstriction; and activation of platelets and 
white cells. This increased activity causes a lower- 
ing of blood oxygen concentration and blood pH, 
and an increase in blood carbon dioxide concentra- 
tion. These changes are aggravated if the blood 
flow drops. Platelets and white cells can be ac- 
tivated because of the catheter insertion wound, by 
damage to endothelial cells caused by the catheter, 
needle, guidewire, etc., and/or simply by blood 
contact with the foreign surfaces of the catheter 



and/or sensors. Blood flow can be decreased by 
vasoconstriction induced by factors released by the 
injury response and/or by various of the activation 
processes referred to above. 

5 Having recognized these problems, this inven- 

tion solves these problems by inhibiting such re- 
sponses and/or such activation. In particular, the 
present invention involves obtaining signals indica- 
tive of the concentration of a constituent of blood 

70 while at least one of the following is present in the 
blood vessel: (1) an added vasodilator component 
and/or an added vasodilation promotor; and (2) an 
added platelet/white cell inhibitor component and/or 
an added platelet/white cell deactivation promotor. 

15 As used herein the term "component" refers to a 
substance which acts directly to reduce vasocon- 
striction and/or to reduce platelet and/or white cell 
activation. The term "promotor" refers to a sub- 
stance which acts to effect the production, prefer- 

20 ably the endogenous production, of a vasodilator 
component and/or a platelet/white cell inhibitor 
component. Only one of these substances need be 
present to provide beneficial results. The presence 
of one or more of these substances in an effective 

25 amount allows one to more accurately monitor the 
concentration of the blood constituent of interest. 

The sensor or sensing element is in direct fluid 
communication with, and preferably is located in, 
the blood vessel where the blood to be analyzed is 

30 located. That is, there is a direct or open fluid path 
between the interior of the blood vessel and the 
sensor. In one useful embodiment, the sensor is 
located in the catheter in the blood vessel. The 
catheter has an opening to provide fluid commu- 

35 nication between the interior of the blood vessel 
and the interior of the catheter, preferably a distal 
opening at the distal end of the catheter. One or 
more radial apertures may be provided in addition 
to the distal opening, if desired. Alternately the 

40 sensor or sensing element can be passed through 
the catheter and extend out of, e.g., out of an 
opening at the distal end of, the catheter into the 
blood vessel. 

The sensor can be mounted in any desired 

45 way. One useful system includes a probe-catheter 
assembly which comprises a probe including at 
least one sensor for sensing a constituent of blood 
and providing a signal in response thereto and 
elongated transmission means for transmitting the 

so signal from the sensor proximally. The sensor is 
preferably carried by a distal portion of the trans- 
mission means. The assembly also includes the 
catheter which has a lumen extending thereth- 
rough, a proximal end, a distal end and a distal 
opening at the distal end. 
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When utilizing a probe-catheter assembly of 
this type, the catheter can be used to keep the 
sensor from contacting the wall of the vessel. This 
can be advantageously accomplished by attaching 
the probe to the catheter such that the sensor of 
the probe is within the lumen of the catheter and 
adjacent the distal opening of the catheter. With 
this construction, the sensor is shielded from the 
wall of the vessel. Alternately, the sensor or sen- 
sors of the probe can extend out of the distal 
opening of the catheter. 

An effective amount of an added vasodilator 
component vasodilation promotor, platelet/white cell 
inhibitor component and/or platelet/white cell deac- 
tivation promotor is present in the blood vessel at 
the time a signal in response to the blood constitu- 
ent is obtained from or provided by the sensor. It 
has been found that the presence of an added 
vasodilator component and/or vasodilation promotor 
acts to reduce the vasoconstriction, e.g., the de- 
gree of vasoconstriction, caused by the presence 
of the catheter and/or sensor, in particular the 
probe-catheter assembly, in the blood vessel. The 
presence of an added platelet/white cell inhibitor 
component and/or platelet/white cell deactivation 
promotor acts to reduce the platelet and/or white 
cell activation e.g., the degree of platelet and/or 
white cell activation, caused by the presence of the 
catheter and/or sensor, in particular the probe-cath- 
eter assembly, in the blood vessel. Ultimately, the 
presence of one or more of these added sub- 
stances leads to more accurate blood constituent 
determinations, e.g., determinations which more ac- 
curately reflect the true concentration of the con- 
stituent of interest in the blood in the blood vessel. 

Such added substance or substances may be 
introduced into the blood vessel in any desired 
way. For example, such substance or substances 
may be taken orally or may be injected into the 
vascular system. Because the catheter or probe- 
catheter assembly is often located in one localized 
area of the vascular system it is preferred that the 
substance or substances be introduced into the 
blood vessel in such a manner that not all of the 
patient's vascular system is affected. More prefer- 
ably, such substance or substances substantially 
affect only a limited portion of the patient's vascu- 
lar system. Thus, the patient's natural response to 
injury and internal bleeding in other parts of his/her 
body are substantially unaffected by the presence 
of the presently useful substances in the blood 
vessel. 

One particularly useful approach to introducing 
the substance or substances into the blood vessel 
is to do so through the catheter itself. This embodi- 
ment provides the substance or substances at the 
desired location. Also, by controlling the amount of 
such substance or substances that is introduced, 



one can reduce, and even substantially prevent, the 
effect of the substance or substances on the pa- 
tient's vascular system away from the localized 
area of concern where the catheter, sensor or 

5 probe-catheter assembly is located. 

Such substance or substances may be added 
to the anti-clotting solution normally introduced into 
the patient's vascular system through the catheter. 
This addition may be to the anti-clotting solution in 

10 bulk. Alternately, the substance or substances may 
be injected through the catheter independently of 
the anti-clotting solution, using a separate pumping 
device, such as an infusion pump. 

Another approach to reducing the generalized 

75 effect of such substance or substances is to 
choose a substance or substances which have rela- 
tively short effective half lives. In other words, 
substance or substances to be chosen become 
only half as effective after a relatively short period 

20 of time in the patient's vascular system. Thus, by 
selecting such relatively short effective half-life 
substances, one can obtain useful results at the 
localized area of concern without having an unwan- 
ted effect on the patient's vascular system, in gen- 

25 eral. Particularly useful substances have effective 
half-lives in the range of about 0.1 minutes to about 
5 minutes. Substances which lose at least about 
50%, and preferably at least about 90%, of their 
effectiveness in the time it takes a patient's blood 

30 to make one pass through the patient's cardiovas- 
cular system are especially useful. 

Any suitable vasodilator component and 
platelet/white cell inhibitor component may be em- 
ployed provided that it functions as described here- 

35 in. In one useful embodiment, a single compound 
or substance functions as both the vasodilator com- 
ponent and the platelet/white cell inhibitor compo- 
nent. A particularly useful group of combination 
vasodilator components/platelet/white cell inhibitor 

40 components includes prostaglandin Ei (alprostadil) 
(hereinafter referred to as PQEi), analogs of PGEi,, 
prostaglandin E2 (hereinafter referred to as PGE2), 
analogs of PGE 2 , prostacyclin 1 2 (hereinafter re- 
ferred to an PGI 2 ), analogs of PGI 2 and mixtures 

45 thereof. An especially preferred combination 
vasodilator component/platelet/white cell inhibitor 
component is selected from PGE1, synthetic an- 
alogs of PGE1 and mixtures thereof. 

PGEi is currently used to treat certain neo- 

50 nates with congenital heart defects. For such treat- 
ment, the UpJohn Company sells a PGEt sterile 
solution, under the trademark Prostin VR Pediatric, 
which includes 500 micrograms of PGEi per millili- 
ter of solution. The recommended dosage for this 

65 use with neonates is 0.01 micrograms per kilogram 
of body weight per minute or higher. 

For the present purpose, the dosage of the 
particularly useful vasodilator 
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component/platelet/white cell inhibitor component is 
preferably less than the dosage of PGEi used to 
treat neonates, as described above. The more pre- 
ferred dosage for use in the present invention is in 
the range of about 1 pico (10~ 12 ) grams to about 
100 pico grams per kilogram of body weight per 
minute. 

PGEi, PGE2 and PGI2 are naturally occurring 
substances and are found in humans. PGEi , PGE2 
and PGb can also be synthetically produced. In 
any event, an added increment or dose of one or 
more of these substances is needed to effect the 
desired response, as described herein. As used 
herein, the term "analog" of one of these sub- 
stances refers to any substance which has sub- 
stantially similar compositional and/or functional 
characteristics, preferably both substantially similar 
compositional and functional characteristics, as 
does the naturally occurring substance for which it 
is an analog. Preferably, the presently useful syn- 
thetic analogs are synthetically produced. 

Any suitable vasodilation promotor and/or 
platelet/white cell deactivation promotor may be 
employed provided that it functions as described 
herein. Without wishing to limit the invention to any 
particular theory of operation, it is believed that 
these promotors have the following effects. The 
presence of vasodilation promotor is believed to do 
at least one of the following in the blood vessel: (1 ) 
effect endogenous production of vasodilator com- 
ponent; and (2) inhibit endogenous production of 
vasoconstrictor component. The presence of 
platelet/white cell deactivation promotor is believed 
to do at least one of the following in the blood 
vessel: (1) effect endogenous production of 
platelet/white cell inhibitor component; and (2) in- 
hibit endogenous production of platelet/white cell 
activator component. 

In one particularly useful embodiment, a single 
compound or substance functions as both the 
vasodilation promotor and the platelet/white cell 
deactivation promotor. A particularly useful group 
of combination vasodilation promotors/platelet/white 
cell deactivation promotors are those selected from 
defibrotide, analogs of defibrotide and mixtures 
thereof. 

An anti-clotting solution, such as a heparinized 
saline solution, is preferably introduced into the 
catheter lumen from a solution-introducing system. 
The solution may be resident in the lumen, i.e., 
have no net flow into the vessel, but preferably it 
flows at a very low rate, such as 1 to 8 milliliters 
per hour, through the lumen and out through the 
distal opening of the catheter into the blood stream 
in the vessel. 

If the sensor or sensors are located in the 
catheter, an "interface" may be envisioned as ex- 
isting between the blood and the material, i.e., the 



anti-clotting solution and vasodilator component, 
vasodilation promotor, platelet/white cell inhibitor 
component, and/or platelet/white cell deactivation 
promotor, being introduced through the catheter. 

5 Theoretically, the interface could be a plane that 
simply divides the blood from the material. How- 
ever, in reality, the interface is a zone which has 
some axial length and which contains gradient con- 
centrations of both the blood and the material. 

70 Thus, the interface divides a zone of substantially 
all blood from a zone containing substantially all 
material being introduced. 

By moving the interface back and forth in the 
lumen, the sensor can be exposed to blood for at 

75 least a portion of time that the interface is moving. 
This exposure must be sufficient to enable the 
sensor or sensors in the catheter to provide an 
accurate signal related to the blood constituent of 
interest. 

20 The movement of the interface back and forth 
in the lumen may move the interface over the 
sensor. However, the sensors, and in particular the 
oxygen sensor, can tolerate some exposure to the 
mixture of the material being introduced and blood 

25 in the interface without providing erroneous read- 
ings. 

Movement of the interface to bathe the sensor 
within the lumen in blood can be brought about in 
different ways. For example, the interface may be 

30 moved by varying the delivery pressure and/or 
volume of the material being introduced or provid- 
ing the introducing system with a volume oscillator 
and allowing the volume oscillator to move the 
interface. The volume oscillator may, for example, 

35 take the form of a syringe which, in effect, expands 
and contracts the volume of the introducing system 
to move the blood back and forth in the lumen 
without creating a net or average flow in either 
direction. 

40 Another technique for moving blood back and 
forth in the lumen, which also enables expansion 
and contraction of the volume of the introducing 
system, includes providing the introducing system 
with some compliance and allowing pressures gen- 

45 erated by the patient's heartbeats to move the 
interface. Consequently, blood is forced to enter 
the distal opening of the catheter as the blood 
pressure rises with each beat of the heart. Thus, 
the interface is caused to flow back and forth in the 

50 lumen with the pulsating blood pressure. As a 
result, the sensor within the lumen is bathed by the 
back and forth or tidal movement of the blood and 
can adequately sense and measure the blood con- 
stituents of interest. 

55 The compliance of the introducing system may 
be the natural compliance of the tubing and com- 
ponents of the system and/or a compliant element 
may be added to the system to provide the desired 
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degree of elasticity. The compliant element can be 
of virtually any construction and may be, or include 
for example, a compressible fluid, such as air, a 
membrane, a bellows, etc. The compliance of the 
introducing system may be varied to obtain the 5 
results desired. For example, if the compliance of 
the introducing system is to be used to obtain, or 
to assist in obtaining, the tidal action, the introduc- 
ing system and the catheter may have a combined 
total compliance sufficient to provide a volume 10 
exchange of at least 10 microliters with a system 
comprised of a 20-gauge catheter and .022 inch 
diameter probe. 

When the sensor or sensors are located out- 
side the catheter in the blood vessel, the concern 75 
with the blood/material being introduced interface 
and moving this interface are substantially elimi- 
nated. In this configuration, the sensor or sensors 
in the blood vessel are substantially continuously 
exposed to blood sufficiently to provide for useful 20 
constituent concentration measurements. Thus, no 
added compliance of the solution introducing sys- 
tem is necessary. 

It may be necessary or desirable to take the 
patient's blood pressure through the lumen of the 25 
catheter while the blood constituents are being 
sensed. The added compliance, if any, of the in- 
troducing system may be sufficient to undesirably 
alter the blood pressure reading taken through the 
lumen of the catheter. Accordingly, the present 30 
invention provides, as an option, for selectively 
nullifying the ability of the compliant element to 
allow expansion and contraction of the volume of 
the introducing system. For example, the nullifying 
means may control expansion or adjustably limit 35 
movement of a membrane or bellows or it may 
selectively switch the compliant element into, and 
out of, communication with the lumen of the cath- 
eter. In this latter event, the compliant element 
would normally be in communication with the 40 
lumen to provide, or assist in providing, the desir- 
able tidal action for sensing of the blood constitu- 
ents of interest. However, just prior to taking a 
blood pressure reading, the action of the compliant 
element can be switched out of the introducing 45 
system so that it cannot affect the blood pressure 
reading taken through the lumen of the catheter. 
The switching means may take any form that will 
accomplish this function and may be, for example, 
a valve. so 

The probe may carry one or more sensors 
depending upon the number of blood constituents 
of interest. These sensors can be of any type, such 
as electro-chemical, that is suitable for sensing the 
constituent of interest; however, optical sensors are 55 
preferred, and fluorescent sensors are considered 
optimum. Although multiple sensors could be pro- 
vided to sense the same blood constituent, prefer- 



ably, each sensor senses a different blood constitu- 
ent. In a preferred construction, the transmission 
means includes an optical fiber for each of the 
sensors, with the sensor being located on the distal 
end of the associated optical fiber. The sensors 
provide signals related to the associated blood 
constituent of interest, and such signals may be 
used or processed continuously, intermittently or 
on demand to provide readings indicative of the 
blood constituents of interest. 

A conventional catheter usable with the inven- 
tion has a standard lead-in taper, i.e., the cross- 
sectional area of the lumen reduces toward the 
distal opening in a zone closely adjacent the distal 
opening. The presence of the probe in this tapered 
zone tends to reduce the remaining open area of 
the lumen to the extent that the monitoring of blood 
pressure through the lumen is adversely affected. 
One approach to this problem is to position the 
sensors at different longitudinal locations relative to 
the longitudinal axis of the catheter. In the specific 
case of utilizing an optical fiber for each sensor, 
the optical fibers terminate distally at staggered 
locations. Consequently, not all of the sensors are 
located in the tapered zone, and a larger open area 
of the tapered zone remains for pressure sensing. 

The invention, together with additional features 
and advantages thereof, may best be understood 
by reference to the following description taken in 
connection with the accompanying illustrative draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of an assembly for 
the in vivo measurement of blood constituents of 
interest. 

Fig. 2 is a perspective view of one form of 
valve usable in the assembly of Fig. 1. 

Fig. 3 is an axial sectional view through the 
valve with the compliant element being in commu- 
nication with the conduit leading to the lumen of 
the catheter. 

Fig. 4 is an elevational view partially in section 
and similar to Fig. 3 with the compliant element 
being out of communication with the conduit. 

Fig. 5 is an enlarged fragmentary sectional 
view of the distal region of one form of probe and 
catheter usable in the assembly of Fig. 1. 

Fig. 6 is an enlarged sectional view taken gen- 
erally along line 6-6 of Fig. 5. 

Fig. 7 is a longitudinal sectional view through 
the probe-catheter assembly. 

Fig. 8 is a sectional view similar to Fig. 5 
showing an alternate construction of the distal re- 
gion of the probe. 

DETAILED DESCRIPTION 
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Fig. 1 shows an assembly 11 for the in vivo 
measurement of various blood constituents, and 
particularly the pH value (which is a measure of the 
H+ ion concentration in the blood) and the con- 
centrations of oxygen and carbon dioxide. Although 
the assembly 11 can be of different constructions, 
in this embodiment it includes a solution introduc- 
ing system 13 and a probe-catheter assembly 15. 
The assembly 11 may also include an instrument 
1 7 for providing a readout of the blood constituents 
of interest. 

Generally, the solution introducing system 13 
introduces an appropriate anti-clotting solution, 
such as a heparinized saline solution, through the 
probe-catheter assembly 1 5 to the patient to keep 
the line leading to the patient's blood vessel in 
which the probe-catheter assembly 15 is located 
patent. In addition, a solution containing sufficient 
PQEi, a vasodilator component and platelet/white 
cell inhibitor component, so as to provide the pa- 
tient with about 20 pico grams to about 60 pico 
grams of PQEi per kilogram of body weight per 
minute is passed to the patient through the probe- 
catheter assembly. Although the solutions can be 
introduced in different ways, in the embodiment 
shown schematically in Fig. 1, the system 13 in- 
cludes a pressurized source 19 of such anti-clotting 
solution, a conduit 21 leading from the source 19 to 
the probe-catheter assembly 15, a flow restrictor 23 
to reduce the rate of flow through the conduit 21 to 
the desired drop rate, a flush valve 25 in a bypass 
27 around the restrictor 23, a PGEi solution source 
20, a conduit 22, an infusion pump 24 to control 
the flow of PGEi solution to a desired rate, a 
conduit 26 through which PGEt solution is passed 
to conduit 21 , a stop cock 28, a four-way valve 29, 
a blood withdrawal site 30 and a pressure trans- 
ducer 31. All of the components of the system 13 
may be conventional, and the system 13 may 
include other components, if desired. As an alter- 
native, the PGEi can be included with the anti- 
clotting solution in pressurized source 19. In this 
embodiment, there is no need for source 20, con- 
duit 22, infusion pump 24 and conduit 26, thus 
providing a less complex system to operate. In the 
illustrated embodiment, which provides for very 
precise control of the amount of PGEi flowing into 
the patient, anti-clotting solution from the pressur- 
ized source 19 flows through the restrictor 23 at a 
relatively slow rate, such as 5 ml/hour. The flow of 
PGEi solution from source 20 is controlled by 
infusion pump 24 to maintain the desired amount of 
PGEi in the blood vessel in which the distal portion 
of probe-catheter assembly 15 is located. The solu- 
tions flow through the valve 29 and the probe- 
catheter assembly 1 5 to the patient's vascular sys- 
tem, preferably the patient's radial artery. If a more 
rapid flow rate from the source 19 is desired, as for 



example during priming, the flush valve 25 can be 
manually opened to provide a relatively high-rate 
flow path around the restrictor 23 in a conventional 
manner. 

5 The four-way valve 29 may also be of conven- 

tional construction. As shown in Fig. 3, the valve 29 
includes a valve body 33 having a passage 35 
extending therethrough and forming a portion of the 
conduit 21, a rotatable valve element 37 in the 

io passage 35 and a handle 39 (Fig. 2) for manually 
rotating the valve element 37. The valve body 33 
has a leg 41 , and a closure cap 43 is attached to 
the leg 41 to define, along with the leg, a chamber 
45 in which a compliant element in the form of air 

15 is located. The valve element 37 has ports 47 and 
49 for communicating with the conduit 21, and a 
port 51 which can communicate with the chamber 
45 as shown in Fig. 3 or which can be sealed and 
out of communication with the conduit 21 and the 

20 chamber 45 as shown in Fig. 4. In this manner, the 
compliant element can be switched into, or out of, 
the system 13. 

The pressure transducer 31 communicates with 
the conduit 21 and can measure the pressure 

25 therein. Accordingly, with the probe-catheter as- 
sembly 15 inserted into the vascular system of a 
patient, the pressure transducer 31 can provide 
blood pressure readings. By rotating the valve ele- 
ment 37 to the position of Fig. 4, the compliance of 

30 the air within the chamber 45 cannot affect the 
blood pressure readings provided by the trans- 
ducer 31. The blood withdrawal site 30 is used for 
taking blood samples from the patient through the 
probe-catheter assembly 15. Preferably for this 

35 kind of compliant element, the stop cock 28 is 
located between the valve 29 and the site 30 so 
that, by closing the stop cock 28, the air in the 
chamber 45 cannot be withdrawn during a blood 
withdrawal procedure. 

40 The probe-catheter assembly 15 includes a 
catheter 53 and a probe 55 (Fig 7). The catheter 53 
may be a conventional arterial catheter. As such, 
the catheter 53 may include a proximal end 57, a 
distal end 59, a lumen 61 extending axially, com- 

45 pletely through the catheter and opening at a distal 
opening 63 at the distal end. The catheter 53 has a 
standard lead-in taper, i.e., a tapered zone 65, 
which extends from a reference plane 66 along the 
outer periphery of the catheter 53 to the distal end 

so 59. The diameter of the lumen 61 also decreases 
distally throughout the tapered zone 65 as shown 
in Fig. 5. The tapered zone 65 may extend about 
.090 inch proximally of the distal end 59. The 
catheter 53 has an externally threaded coupling 67 

55 at its proximal end. 

The probe 55 may be of various different con- 
structions, and in the embodiment illustrated, in- 
cludes an oxygen sensor 69, a carbon dioxide 
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sensor 71 and a pH sensor 73, with each of the 
sensors affixed to the distal ends of single optical 
fibers 75, 77, 79, respectively, (Fig. 6). In this 
embodiment, the sensors 69, 71 and 73 are flu- 
orescent optical sensors, and they respond to the 
concentration of oxygen, the concentration of car- 
bon dioxide and the pH value, respectively, to 
provide continuous optical signals indicative of the 
condition sensed. The optical fibers 75, 77 and 79 
serve as transmission means for transmitting the 
signals from the associated sensors proximally. 
The probe 55 is of very small cross-sectional area 
so that it fits within the lumen 61 with an ample 
radial clearance 81 as shown in Fig. 5. Although as 
illustrated the sensors are located in the lumen 61 
of catheter 53, one or more of such sensors can 
extend out of catheter 53, e.g., out of the opening 
63 at the distal end 59 of catheter 53. ' 

The particular design of the probe 55 forms no 
part of this invention because this invention is 
applicable to probes of various different construc- 
tions. Briefly however, the sensors 69, 71 and 73 
are attached to the distal ends of the associated 
optical fibers 75, 77 and 79 in any suitable manner, 
and each of the sensors and the associated fiber is 
separately encased in an inner overcoat 83 which, 
among other things, may assist in retaining the 
sensor on the end of the associated fiber. The 
overcoat 83 is, of course, permeable to the relevant 
blood parameters so that such parameter, or one 
related to it, can be sensed by the sensors. An 
outer overcoat 85 covers the inner overcoats 83 
and a length of the fibers just proximally of the 
overcoats 83. Proximally of the overcoat 85, the 
optical fibers 75, 77 and 79 and a temperature- 
sensitive element, such as a thermocouple 86 (Fig. 
6), are suitably encased within an appropriate 
sheath 87. 

The probe 55 includes a "Y" fitting 93 at its 
proximal end as shown in Fig. 7. The optical fibers 
75, 77 and 79 extend within the sheath 87 com- 
pletely through one leg 95 of the "Y" fitting 93 to 
the instrument 17 as shown in Fig. 1. Another leg 
97 of the fitting 93 has a passage 99 which com- 
municates with the lumen 61, and more particu- 
larly, with the clearance 81 around the probe 55. 
The leg 97 is coupled to the conduit 21 of the 
system 13 as shown in Fig. 1. A third leg 101 of 
the "Y" fitting 93 carries a rotatable internally 
threaded coupling 103 for attaching the "Y" fitting 
of the probe 55 to the proximal end of the catheter 
53 outside the cardiovascular system of the patient. 

Although the details of the fitting 93 form no 
part of this invention, the sheath 87 may be guided 
in the leg 95 by a sleeve 105 and retained in 
position by potting 107. The sheath 87 extends 
within a flexible tube 109 suitably attached to the 
leg 95, and shrink tubing 111 is provided over the 



adjacent end portions of the fitting and the tube for 
strain relief. 

As shown in Fig. 5, with the proximal end of 
the catheter 53 coupled to the probe 55 by the 

5 coupling 103, the probe 55 is within the lumen 61, 
and the sensors 69, 71 and 73 are within the lumen 
adjacent the distal opening 63. Accordingly, with 
the catheter within the cardiovascular system of the 
patient, such as in a radial artery, the catheter 53 

10 keeps the sensors from contacting the wall of the 
blood vessel. 

In use of the assembly 1 1 , the catheter 53 is 
first inserted into the radial artery using conven- 
tional techniques. Next, the probe 55 is inserted 

75 into the lumen 61 and attached to the proximal end 
of the catheter 53 with the coupling 103. This 
properly positions the sensors 69, 71 and 73 within 
the lumen 61. In priming the solution introducing 
system 13 prior to connection to the probe 55 in 

20 the artery, a small quantity of air is trapped in the 
chamber 45. This can be accomplished, for exam- 
ple, with the valve element 37 in the position of 
Fig. 4, by filling the conduit 21 with solution from 
the source 19 with the closure cap 43 removed 

25 from the valve 29, and without allowing the solution 
to flow into the leg 41. The closure cap 43 is then 
affixed to the leg 41 to trap the air in the chamber 
45, and then the rotatable valve element 37 is 
turned to the position shown in Fig. 3. The conduit 

30 21 can then be connected to the probe 55. A 
number of other configurations and constructions 
can be employed to provide the desired system 
compliance. Further, no additional compliance may 
be needed, particularly if the sensors are located 

35 out of catheter 53, e.g., extend out of the distal end 
59 of catheter 53. 

When the embodiment illustrated in Fig. 5 is in 
use, the solutions from the sources 19 and 20 
completely fill the lumen 61 around the probe 55. 

40 The solutions are provided under a pressure such 
that there is a slow flow of liquid from the lumen 61 
into the patient's artery. This introduction of liquid 
through the lumen and into the artery results in an 
interface 113 adjacent the distal opening 63 which 

45 has some axial length and which includes both 
blood and the solutions from the sources 19 and 
20. The interface 113 is a partition between essen- 
tially all blood distally of the interface and essen- 
tially all solutions from sources 19 and 20 proxi- 

50 mally of the interface. The interface washes axially 
back and forth in a tidal action as a result of the 
rising and falling of the patient's blood pressure 
with each heartbeat. If the solution introducing sys- 
tem 13 were perfectly rigid, it would not be possi- 

55 ble for the blood to force the solutions from sour- 
ces 19 and 20 proximally within the lumen 61 
because the solutions are essentially incompress- 
ible. However, the conduit 21 is typically in the 



7 



13 



EP 0 441 394 A2 



14 



form of flexible plastic tubing, which has some 
elasticity or compliance to allow some of this tidal 
action to occur. In addition, the illustrated embodi- 
ment of the invention is provided with a compliant 
element in the form of air within the chamber 45 
which adds additional elasticity or compliance to 
the system 13. Consequently, the interface can 
flow back and forth to bathe the sensors 69, 71 and 
73 in blood. 

With this embodiment of the invention, the 
back and forth travel of the interface 113 is a 
function of the magnitude of the patient's blood 
pressure, the compliance of the solution-introduc- 
ing system 13 and the delivery pressure of the 
solutions from sources 19 and 20. However, as- 
suming that there is some net flow of the solution 
out of the distal opening 63, it would be necessary 
for at least the distal region of the interface 1 1 3 to 
travel distally as far as the distal opening, unless it 
is possible for some of the solutions to migrate 
through the blood and through the distal opening. 
Because the flow rate of solutions into the blood- 
stream is relatively low, the precise manner in 
which the solutions the patient's bloodstream and 
the exact extent of travel of the interface 113 is not 
known. However, utilizing the tidal action of the 
interface, it is possible to bathe the sensors 69, 71 
and 73 in blood sufficiently so that accurate read- 
ings are obtained. 

Sufficient PGEi is provided in and around 
probe-catheter assembly 15 and in the artery to 
effectively reduce the degree of vascular constric- 
tion, and platelet and white cell activation caused 
by the insertion and presence of the probe-catheter 
assembly 15 in the patient's radial artery. Ulti- 
mately the presence of this added PGEi allows 
blood constituent measurements which are more 
representative of the blood constituent values of 
freshly arterialized blood leaving the left ventricle of 
the heart. In other words, these measurements 
more closely relate to freshly arterialized blood 
relative to similar measurements obtained with no 
added PGEi present. Moreover, the nature of 
PGEi, the manner in which it is introduced into the 
patient's radial artery and the concentration at 
which it is introduced into the patient's radial artery 
allow for this beneficial localized effect to occur 
without substantially detrimentally affecting the pa- 
tient's vascular system or blood supply in general. 

Fig. 8 shows another embodiment of this inven- 
tion which is identical to the embodiment of Figs. 
1-7 in all respects not shown or described herein. 
Portions of the embodiment of Fig. 8 correspond- 
ing to portions of the embodiment of Figs. 1-7 are 
designated by corresponding reference numerals 
followed by the letter "a". 

The primary differences between the embodi- 
ment of Fig. 8 and Figs. 1-7 is that the sensors 



69a, 71a, and 73a are at different longitudinal posi- 
tions relative to the lumen 61a, the sensors 71a 
and 73a project farther from the overcoat 85a, with 
sensor 71a extending out of the distal opening 63a, 

5 and there are a plurality of radial apertures 121 in 
the catheter 53a leading from the lumen 61a adja- 
cent the distal opening 63a of the catheter. In this 
embodiment, each of the three sensors terminates 
at a different axial position relative the lumen 61a, 

w and with this construction, the total cross-sectional 
area of the probe 55a reduces in step-wise fashion 
from the distal end of the sensor 71a proximally. 
Consequently, not all of the sensors pass through 
the tapered zone 65a, and a larger cross-sectional 

75 area of the tapered zone remains open for pressure 
sensing via the pressure transducer 31 shown in 
Fig. 1. 

In the construction of Fig. 8, preferably the 
carbon dioxide sensor 71a is the most distal sen- 

20 sor, and the oxygen sensor 69a is the most proxi- 
mal. The reason for this is that carbon dioxide is 
the most sensitive to being even partially out of the 
blood. The sensitivity of the pH sensor 73a is 
intermediate the sensitivity of the carbon dioxide 

25 sensor 71a and the oxygen sensor 73a and so is 
preferably located intermediate these sensors. 

The radial apertures 1 21 are preferably located 
proximally of the sensor 73a for the purpose of 
allowing blood and the solutions from the lumen 

30 61a to flow out of the apertures. One or more of 
these apertures may be provided, and in the em- 
bodiment of Fig. 8, two of the apertures are shown. 
Of course, the apertures 121 may be distributed in 
axially spaced relationship, as well as circumferen- 

35 tially spaced relationship, along the catheter 53a. 
The apertures 121 may also be used in the em- 
bodiment of Figs. 1-7, if desired. 

In another embodiment, all of the sensors 69a, 
71a and 73a extend through and out of the distal 

40 opening 63a of the catheter, as does sensor 71a in 
Fig. 8. In this embodiment, since the sensors are 
located in the blood in the artery, no added compli- 
ance or compliant member is needed since no 
blood-solution interface is involved and no tidal 

45 action is required. The PGEi from source 20 has 
been found to be effective to provide effective 
inhibition of vasoconstriction and effective inhibition 
of platelet and white cell activation to allow sat- 
isfactorily accurate measurements to be obtained 

50 even with the sensors directly in the blood vessel. 

The PGEi in the description above can be 
supplemented with, or replaced by, defibrotide. 
Thus, in the case where the PGEi is replaced, 
defibrotide takes its place in source 20 or is in- 

55 eluded in the anti-clotting solution in pressurized 
source 19. This defibrotide is introduced into the 
patient in much the same way, using the same 
system, as described above with regard to PGEi . 
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Sufficient defibrotide is provided in and around 
probe-catheter 15 and in the artery to effectively 
reduce the degree of vascular constriction, and 
platelet and white cell activation caused by the 
insertion and presence of the probe-catheter as- 
sembly 15 in the patient's radial artery. Ultimately 
the presence of this added defibrotide allows blood 
constituent measurements which are more repre- 
sentative of the blood constituent values of freshly 
arterialized blood leaving the left ventricle of the 
heart. 

Although exemplary embodiments of the inven- 
tion have been shown or described, many changes, 
modifications and substitutions may be made by 
one having ordinary skill in the art without nec- 
essarily departing from the spirit and scope of this 
invention. 

Claims 

1. A System for in vivo measurement of a con- 
stituent of a patient's blood comprising: 

a hollow catheter having an interior space 
and a distal end portion for being placed in a 
blood vessel of a patient, said distal end por- 
tion having an opening to allow blood to enter 
and exit said interior space of said catheter; 

a sensor for sensing the concentration of a 
constituent of the patient's blood and providing 
a signal in response thereto, said sensor being 
located in or near said interior space of said 
catheter; 

introduction means for introducing at least 
one of the following into said blood vessel: (1) 
at least one of a vasodilator component and a 
vasodilation promotor in an amount effective to 
reduce the vasoconstriction caused by the 
presence of said catheter in said blood vessel 
and (2) at least one of a platelet/white cell 
inhibitor component and a platelet/white cell 
deactivation promotor in an amount effective to 
reduce at least one of the platelet activation 
caused by the presence of said catheter in 
said blood vessel and the white cell activation 
caused by the presence of said catheter in 
said blood vessel; and 

a quantity of at least one of said vasodila- 
tor component, said vasodilation promotor, 
said platelet/white cell inhibitor component and 
said platelet/white cell deactivation promotor 
associated with said introduction means. 

2. The system of claim 1 which further comprises 
elongated transmission means for transmitting 
said signal from said sensor proximally. 

3. The system of claim 2 wherein said sensor 
and said transmission means are sized and 



adapted to be received in said interior space of 
said catheter in said blood vessel. 

4. The system of any of claims 1-3 wherein said 
5 vasodilator component is also said 

platelet/white cell inhibitor component. 

5. The system of any of claims 1-4 wherein said 
added vasodilator component is selected from 

w the group consisting of prostaglandin Ei, an- 

alogs of prostaglandin Ei, prostaglandin E 2 
analogs of prostaglandin E 2 , prostacyclin l 2 , 
analogs of prostacyclin b and mixtures thereof. 

75 6. The system of claim 5 wherein said vasodilator 
component is selected from the group consist- 
ing of prostaglandin , analogs of prostaglan- 
din Ei and mixtures thereof. 

20 7. The system of any of claims 1-6 wherein said 
vasodilation promotor is also said platelet/white 
cell deactivation promotor. 

8. The system of any of claims 1-7 wherein said 
25 vasodilation promotor is selected from the 

group consisting of defibrotide, analogs of de- 
fibrotide and mixtures thereof. 

9. The system of any of claims 1-8 wherein said 
30 constituent of blood is selected from oxygen, 

carbon dioxide, H + , glucose and other elec- 
trolytes. 

10. The system of any of claims 2-9 wherein said 
35 elongated transmission means comprises an 

optical fiber and said sensor includes an op- 
tical fluorescence indicator. 

11. A method for determining the concentration of 
40 a constituent of blood, in particular with the 

system according to any of claims 1 to 10 
which method comprises placing a catheter in 
a blood vessel, which has a sensor located 
near or in the catheter, for producing a signal 

45 related to the concentra-tion of the constituent 
of blood and measuring the obtained signal, 
characterized in that during the measurement 
at least one of the following is present in the 
blood vessel: (1) at least one of a vasodilator 

50 component and a vasodilation promotor in an 

amount effective to reduce the vasoconstriction 
caused by the presence of said catheter in 
said blood vessel and (2) at least one of a 
platelet/white cell inhibitor component and a 

55 platelet/white cell deactivation promotor in an 
amount effective to reduce at least one of the 
platelet activation caused by the presence of 
said catheter in said blood vessel and the 
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white cell activation caused by the presence of 
said catheter in said blood vessel. 
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